Purpose of Review Cannabis use disorders (CUDs) are prevalent worldwide. Current epidemiological studies underscore differences in behaviors that contribute to cannabis use across cultures that can be leveraged towards prevention and treatment of CUDs. This review proposes a framework for understanding the effects of cross-cultural differences on psychological, neural, and genomic processes underlying CUDs that has the potential to inform global policies and impact global public health. Recent Findings We found that cultural factors may influence (1) the willingness to acknowledge CUD-related symptoms among populations of different countries, and (2) neural responses related to the sense of self, perception, emotion, and attention. These findings leverage the potential effects of culture on neural mechanisms underlying CUDs. Summary As the number of individuals seeking treatment for CUDs increases globally, it is imperative to incorporate cultural considerations to better understand and serve differing populations and develop more targeted treatment strategies and interventions.
Introduction
Cannabis is the most widely used illicit drug (although legality varies by jurisdiction) around the world with continued increase in recent years, particularly in North America and Western and Central Europe [1] . Although cannabis is often considered a relatively harmless drug, an increase in use has also been paralleled by more individuals seeking treatment for cannabis dependence in the Americas, Western and Central Europe, and Oceania [1] . Cannabis use disorders (CUDs) are difficult to treat [2, 3] , and the lack of effective treatments may in part be due to a dearth of knowledge of the neural mechanisms underlying CUDs. Incorporating a neuroscience perspective and conducting studies with the goal of examining changes in the neural networks underlying CUDs may prove to be instrumental in developing effective treatments with greater success. Given the implications for global public health and the current legal climate in the USA, it is important to employ a cross-cultural investigation of neural mechanisms of CUDs. While the prevalence of CUDs is high globally, cannabis is arguably the least well-studied substance of abuse in the context of addiction, with a relatively limited number of neuroimaging studies on CUDs compared to other substanceuse disorders. Environmental factors linked to cannabis use, including perceived risk of use, influence of peers, and social acceptance, may be culture-dependent and potentially impact differences in brain functionality in individuals with CUDs. The implications of CUDs and understanding the impairments resulting from changes in underlying neural networks are critical and exigent due to imminent changes in legislation.
Culture is a dynamic construct that encompasses the beliefs and practices of a particular group, influencing social perception and adherence of the group's members [4, 5] . In mental health, the concept of culture has been deconstructed and examined through the lens of race and ethnicity, but is distinct This article is part of the Topical Collection on Cannabis from them [5] . Cultural neuroscience is a relatively new area of research that investigates the relationship between biological and cognitive mechanisms and culture. This multidisciplinary study of the effects of culture on neural responses is based on the notion that both environmental and genetic factors influence structural and functional changes in the brain [6, 7, 8••] . Cultural neuroscience provides a framework for the examination of structural and functional changes in the brain in this context. It posits that changes in the brain are likely a result of specific learning and experiential factors that may vary between cultures. The structural and functional changes, in turn, influence patterns of neural activations related to specific behaviors. As the brain continuously undergoes changes based on environmental experiences and influences, culture may contribute importantly to brain structure and function, including those related to psychopathologies, such as CUDs [9, 10] . From a broader perspective, a cultural neuroscience approach has the potential to be beneficial not just for CUDs, but for mental disorders in general.
The aim of this review is to propose a framework for the need to better understand how cultural factors may influence neural mechanisms underlying CUDs. We will begin with exploring how culture and genomics may influence behavior and relate these interactions to structural and functional changes underlying differences in neural responses. We will describe both cultural differences as well as similarities with respect to CUDs and what is currently known about the effects of social and legal environments on cannabis use. While cultural differences in neural responses are a critical aspect of a cultural neuroscience approach, it is equally important to identify similarities between cultures for a thorough understanding of the intersection between culture and neuroscience with regards to CUDs. We will end with a rationale for investigating potential effects of culture on neural response in individuals with CUDs and why examining neural responses in individuals with CUDs within a cultural neuroscience context should lead to a more robust understanding of not only neural mechanisms of CUDs, but also implications for treatments.
Culture and Genes Have a Cyclic Effect on Behavior
Culture is often considered an established set of traditions and customs that influence the population; however, culture is more accurately defined as a dynamic interaction of environmental, biological, and psychological factors that potentially influence social behavior and ultimately, construct and contribute to the presiding culture. Culture can therefore be characterized as cyclic in that it influences cognition and neurobiological development, but is also influenced, in turn, by these neurological processes [4] . Culture thus involves a relationship between social cognition and cultural norms, with both influencing each other.
In accordance with this dynamic and interactive characterization, the influence of genetics on this relationship should also be considered. Population genetics studies suggest that cultural customs affect genetic influences on behaviors [11] [12] [13] and that interactions between genetics and culture may have contributed importantly to evolutionary processes, such as in the development of handedness and mating preferences [14] . Lumsden and Wilson (1980) have proposed a model for the coevolution of genes and culture, in which both are created together through natural selection of environmentally adaptive genetic and cognitive traits [15] . For example, genetic variations that lead to more environmentally adept cognitive traits may proliferate in certain geographical locations over others. This is specifically illustrated in genetic variation in the gene encoding the serotonin transporter (SLC6A4) that has been related to many cognitive functions, including emotional regulation, reward processing, anxiety, and depression [16] . Genetic variations in this gene exist across cultural groups, where 80% of Japanese individuals carry the short allele (s/s or s/l), but only 40-45% of Europeans carry the same polymorphism [17] . This allele has been associated with increased anxiety-related traits [18] and is more commonly seen in cultures with collectivist principles than societies that hold individualistic attitudes [18] . From a co-evolutionary perspective, this allele may have risen as an anti-pathogenic trait, as it is highly prevalent in areas with greater risk of pathogen exposure. Collectivist cultures tend have an anti-pathogenic effect as well, suggesting a co-adaptive nature of biology and environment in cultural neuroscience [19] .
Further support for this theory is seen in variations across different cultural groups in the gene encoding the dopamine D4 receptor (DRD4). Allelic variation (relating to a variable number tandem repeat) in this gene has been linked in candidate gene studies to substance-use disorders and sensationseeking [20] , although this relationship has not been observed in all studies [21] . The sensation-seeking-related allelic variant appears widespread in South American Indian populations with a frequency of 70-80%, but is extremely low in East Asian populations with a frequency of less than 1% [22] . Additional genetic variations are seen cross-culturally in the genes coding for aldehyde dehydrogenase (ALDH2) and alcohol dehydrogenase (ADH), enzymes that metabolize ethanol. The ADH2*2 allele is more frequently found in East Asian populations (∼70% frequency) [23] , but rare in European and African populations [24] . This is also the case for the ALDH2*2 allele, with a frequency of about 40% in East Asian cultures and virtual nonexistence in European and African populations [24] . Furthermore, very few individuals of East Asian descent are found to carry the ALDH2*2 allele and no homozygous carriers have been reported in alcoholic samples [25, 26] , suggesting a strong protective role of ALDH2*2 against alcoholism. While some of these findings may represent the effects of limited admixture of genetic populations rather than cultural effects per se, an analogous investigation of gene variations like these across different cultures may provide insight into cannabis use and CUDs and the influences of culture on these phenomena.
Genetic variance in the gene coding for the CB1 cannabinoid receptor (CNR1) and the enzyme that metabolizes the endocannabinoid anandamide, fatty acid amide hydrolase (FAAH), have been associated with CUDs [27] [28] [29] . The C allele of the rs2023239 variant has been linked to increased CB1 cannabinoid receptor (CB1R) binding in the nervous system [30] , which may influence substance use and reward salience of substances of abuse [31] . Heavy cannabis users carrying the G allele of the same gene show an increased neural response to cannabis cues during withdrawal, suggesting stronger craving in these individuals [32] . Gene variations in FAAH may also influence cannabis dependence, specifically in relation to the rs324420 variant [33] . While the A/A genotype may be protective against CUDs [34] , the C/C genotype is correlated with stronger neural responses to marijuana cue-induced craving and the risk alleles of CNR1 and FAAH may have additive effects on the underlying neural mechanisms of marijuana craving [32] . There may even be a genetic influence at each stage of cannabis use (transition from non-user to regular user to dependent user) as well as on any trajectory into other substance use (e.g., alcohol, tobacco, and other illicit drugs) [35] . While the extent to which the genes contribute to CUDs is still not fully understood, the potentially interactive nature of culture and genomics suggest the importance of a cross-cultural approach to investigating CUDs.
Effect of Culture on Neural Response
Neural processes may also be influenced by environmental experiences, such that exposure to different practices and attitudes that define cultures may result in divergent neural responses across societies. Cultural neuroscience studies have reported experiential and cultural differences in brain structure and function. The London Taxi Cab Study compared taxi drivers in London that had expert knowledge of London's complex roadways to controls with equal driving experience and reported greater gray matter volume in the hippocampus in the taxi drivers [36] . In addition to this structural difference, the authors also found that the taxi drivers exhibited an impairment in learning new visuo-spatial information, thus exhibiting functional differences as well. In a meta-analysis of neural responses to writing systems across different Western alphabetic languages, Japanese Kana and Kanji, and Chinese characters, Bolger and colleagues found that the ventral occipito-temporal regions of the left hemisphere overlapped between the different writing systems, but regions in the right hemisphere were specifically associated with particular languages [37] . This result suggests that different writing systems, influenced by culture and other factors such as exposure and experience, exhibit both convergent and divergent neural responses. Studies have found differences in neural activations within Western alphabetic languages as well [38] . Similar structural and functional differences have been found in expert jugglers, pianists, musicians, dancers, and meditators [39] [40] [41] [42] .
Studies in object processing have reported that individuals from Western cultures exhibit an attentional preference for objects [43] and may more likely discount contextual information [44] compared to those from East Asian cultures; however, no cultural differences were found for the processing of background images [45] . This finding suggests differential attentional processes and underlying neural activations that may be influenced by culture [46] . While response to fear is largely automatic and is associated with activation in the amygdala, individuals viewing fearful faces belonging to their own cultural group had greater amygdala activation compared to viewing those from other cultural groups. These emotional processes have been found to vary between cultures [47] . The ability to infer the mental states of other individuals may also differ across cultures, where individuals extrapolating mental states of others of the same culture performed better than those from a different culture [48] . Differences in the neural correlates of inferring the mental states of others between cultures also may relate to empathy. A neuroimaging study examined neural activations of Koreans and Americans as they observed images of both Korean and American individuals in emotional pain [49] . The authors found cross-cultural differences in neural activations for empathy in response to images of individuals from the same culture compared to those from another culture. Korean participants exhibited greater activation compared to American participants bilaterally in the temporoparietal junction, a region that has previously been associated with the inference of mental states. Similar cultural variances have been reported in moral decision-making in Koreans and Americans [50] . A study of the emotional processing of faces between European American and Chinese participants identified different neural correlates, in which European Americans exhibited greater activation in the ventral striatum and caudate when viewing excited faces as compared to Chinese participants [51] .
Cross-cultural differences have also been reported in neural activations during self-awareness and the processing of self-relevant stimuli [52, 53] . Zhu and colleagues found that while individuals from Chinese and Western cultures exhibited greater activation in the medial prefrontal cortex and anterior cingulate cortex in self-representation, Chinese individual also exhibited activations in the medial prefrontal cortex in representations of their mother, suggesting a representation of a interdependent self, compared to a more Western independent self [53] .
Such cultural differences in neural responses underlying cognitive processes may also relate to psychopathologies [9, 10] . If typical neural processes are influenced by culture, this change would be expected to transfer to disorders as well. In fact, studies have reported cultural differences in the manifestation of disorders, such as depression and schizophrenia [54] [55] [56] as well as in the stigmatization of individuals with psychopathologies [57] .
Neurocognition in CUDs
In Fig. 1B ). Such cognitive deficits may be associated with a conversion of more voluntary cannabis-seeking behaviors to more compulsive habits and an impairment in cognitive control [63, 64] . This process may lead to behaviors exhibited in CUDs wherein the individual is aware of the harmful consequences of use, but finds it difficult to exert restraint and cease use. Continued cannabis use may increase sensitization to cannabis-related cues [65] , further promoting use and leading to dependence. The fronto-parietal and fronto-limbic circuits may underlie this progression of cannabis use to CUDs [66, 67] , with greater fronto-striatal functional connectivity found in cannabis-dependent individuals compared to nondependent users [68•] . Additionally, activations in the fronto-parietal network during an n-back working memory task have been associated with an increase in cannabis use [69] . These impairments in motivation and cognitive control suggest a role for CB1 cannabinoid receptors in these processes, consistent with their presence in high quantities in sensory and motor areas [33, 70] , with the highest densities in the basal ganglia, cerebellum, and hippocampus [71, 72] .
In addition to impairments in cognitive control, individuals with CUDs may have altered processing of self-awareness and self-relevant stimuli that may underlie increased sensitivity and awareness of cannabis-related cues in the environment [73] . Such impairments in cognitive control and hypersensitivity to cannabis-related cues along with associated changes in activations and connectivity in relevant brain networks may represent suitable neural markers for severity of CUDs and be assessed longitudinally for understanding and tracking the progression of CUDs. Importantly, these cognitive processes may be differentially affected by culture and lead to differences in neural mechanisms. These differences in turn require determining whether potential neural markers of CUDs are universal or whether they should be personalized to the individual's cultural background. Given the dynamic and cyclic interaction of culture and neural response, examining longitudinal changes is important to more accurately understand such relationships. These processes may impact treatment strategies and contribute to suboptimal effectiveness of existing therapies, and thus they may link to global health disparities.
Cross-Cultural Differences Related to Cannabis Use
Potential cultural differences in the manifestation of CUDs may be influenced by varying legal and social climates surrounding cannabis use. For example, cannabis users in Australia are more likely to meet DSM-IV criteria for dependence compared to those in the USA [74] . There are, however, key differences between the two countries as Australia promotes a harm-reduction philosophy and provides public healthcare [74] , suggesting that both legal approaches to substance use and access to healthcare may influence treatmentseeking behaviors and diagnosis of CUDs.
Perception of risks of cannabis use may differ across cultures. There has been a significant decrease in the perceived risk of cannabis among 17-18-year-old high-school students in the USA in the past two decades, with 80% of students identifying cannabis use as risky in the 1990s and less than 40% doing so in 2014 [75] . This is in contrast with Europe where cannabis use has been consistently perceived as risky by 70-72% of high-school students in 2003, 2007, and 2011 [76] . The higher risk perception in Europe may contribute to the increasing number of individuals seeking treatment [1] . While perception of risk is a factor contributing to cannabis use, other potential influences include gender [77, 78] , sensation-seeking, influence of peers [79] , poor performance in school [80] , and low parental monitoring [1] . Importantly, as with risk perception, many of these factors exhibit cultural differences. For example, a study on twins in Finland found that males were more likely to use cannabis [77] ; however, a study in the Netherlands did not find gender-related differences in use [78] . A Canadian study reported that males used cannabis at a younger age compared to females and female users reported poorer mental health compared to male users [81] . Studies have also reported that women in the USA scored higher on sensation-seeking measures compared to women in the UK [82, 83] .
Differences in laws regarding cannabis use may affect the number of treatment-seeking individuals. In the USA, the number of arrests for cannabis possession corresponds with treatment statistics [1] , suggesting that the criminal justice system contributes to the number of individuals in treatment. While this is also true for countries in Europe, there is a larger variation between nations with 3.9% of individuals in the Netherlands in treatment due to an arrest and 80.6% in Hungary [1] . As Hungary takes a strong legal stand against substance use, including cannabis [84] , this difference is likely related to laws relating to cannabis use in Hungary and the Netherlands. Furthermore, current treatments are largely psychosocial in nature and thus, may be particularly sensitive to environmental and cultural influences [85] . The primary treatments that have been implemented include cognitive behavioral therapy and motivational enhancement therapy. While these therapies have enjoyed moderate success, they do not consistently incorporate cross-cultural differences, potentially compromising their effectiveness [86, 87] .
Effects of Social and Legal Environment on CUDs
Legislation surrounding cannabis is widely debated and scrutinized around the world, but the impact of these laws on cannabis use and initiation are not well understood. While Australia, parts of Europe, and some states in the USA have decriminalized cannabis to varying degrees, empirical evidence examining the impacts of these laws remain limited [88•] . Cross-cultural studies are particularly important in examining the effects of medicinal or recreational legalization through the comparison of countries with varying legislation on cannabis use; such studies should be extended to identify neural factors. (1) culture, (2) underlying neural mechanisms, (3) diagnoses and treatments that have bi-directional influences on each other, and a partial bi-directional effect of (4) genetics. The cultural influences include social attitudes towards cannabis use, perceived risks of use, and legislation. These elements relate to diagnoses with cultural differences in endorsement of CUD criteria, likelihood of meeting criteria for dependence, treatment-seeking behaviors, and the psychosocial nature of treatments. Cultural factors may also affect neural processes and response to perception, emotion, attention, and self-representation, which may propagate to differences in the neural mechanisms related to CUDs. Neural processes, in turn also affect cultural perceptions. Lastly, genetic factors may influence, and may be influenced by, cultural factors, which in turn, may both influence neural networks. We hypothesize that the diverse nature of neural mechanisms of CUDs between cultures may affect the efficacy of diagnoses and treatments and these treatments in turn may affect underlying neural mechanisms. (B) These neural circuits may have an overlapping influence from both cannabis use and culture. (B.1) Processing selfrelevant stimulus may be contributing factor to the transition from recreational use to compulsive use. The brain regions that regulate these higher-order, executive processes of self-awareness and self-regulation include the prefrontal cortex (PFC) and the orbitofrontal cortex (OFC). (B.
2) The cingulate gyrus, hippocampus, and amygdala (Am) are proposed to contribute to networks that process emotionally salient information. These areas have high CB1 cannabinoid receptor density and show structural differences in marijuana users compared to nonusers. (B.3) Reward processing is altered in CUDs. Regions that underlie processing of reward include the nucleus accumbens (NAcc) and the ventral tegmental area (VTA), which also have high CB1 cannabinoid receptor density. (B.4) Lastly, motor control is impaired in acute cannabis intoxication. There exists high CB1 cannabinoid receptor density in the basal ganglia, cerebellum, and secondary sensory and motor cortices, regions implicated in motor processing. Culture may also affect these neurological processes, likely having an interactive effect with cannabis use.
Within the USA, there have been reports of higher rates of use in states that have legalized marijuana for medical use [89, 90] . However, these studies do not provide a causal link of legalization on increased use, as they do not internally compare results from states before and after medicinal legalization. In fact, some states may have started with higher rates of use [90] , possibly due to more relaxed attitudes towards cannabis use that may have resulted in a stronger push for legalization than in other states.
The Netherlands has taken a more liberal stance on cannabis use since the 1960s, distinguishing it from "hard drugs" such as cocaine, heroin, ecstasy, and hallucinogenic mushrooms [88•] , and limiting prosecution of recreational possession, use, and sale in "coffee shops" [91] . Despite the leniency on criminalization, marijuana is still socially discouraged in the Netherlands [88•] and use rates remain lower than in the USA (26% have used in their lifetime compared to 44% in the USA) [92, 93] . Cross-cultural studies between the USA and the Netherlands have revealed similar trends in cannabis use, despite varying legal climates [94] , questioning the efficacy of criminalization as a deterrent of use. Differences in reports of acknowledgement of DSM-IV criteria for CUDs across populations have been found such that users in the Netherlands are less likely than users in the USA to acknowledge DSM-IV criteria [95] . The findings suggest a potentially lower perceived risk of cannabis in Dutch users that may lower the likelihood of attempted abstinence. This difference relating to the acknowledgement of DSM-IV criteria may relate to environmental factors. For example, if the culture has a more lenient attitude towards cannabis use, the individual may be given a lower score, reflecting a more relaxed attitude. Conversely, a stringent atmosphere may contribute to a higher score in the same individual. Given these cultural effects on perceptions of cannabis use and influence on diagnoses, it is possible that legal climates may relate to neural responses in individuals with CUDs, although this possibility warrants more close and careful examination. Continued research on cross-cultural studies in countries with varying legislation around marijuana use will help inform policy makers and guide regulations on cannabis use in the future.
Potential Cultural Effects on Neural Responses in Individuals with CUDs
While data suggest cross-cultural differences in the manifestations of CUDs, there are currently no published studies on cultural effects on neurocognitive or neural processes related to CUDs. Additionally, the existing literature on the neural mechanisms of CUDs is relatively sparse; however, we have extracted information from the literature to form hypotheses about potential effects of culture. As described above, studies report cross-cultural differences in neural responses during cognitive processes such as perception, self-awareness, emotion, and attention. Cultural differences have been reported in functional connectivity of the prefrontal cortex, suggesting that culture may in turn influence cognitive control. These processes are involved and altered in CUDs, suggesting differential changes in neural responses in individuals with CUDs which may differ in different cultures. Indeed, in a cross-cultural review of cue reactivity in nicotine and alcohol addiction, Lv and colleagues suggest that through emotional and attentional processes, culture may be related to neural processes underlying cue reactivity [96••] . It is important to note that similarities across cultures have also been reported. For example, studies have found that the severity of problems related to cannabis use is associated with activity in the striatum and orbitofrontal cortex in response to cannabis cues in users in the USA [97] as well as in the Netherlands [98] . While these studies utilized different paradigms and thus cannot be directly compared per se, they suggest that specific neural responses may be independent of culture and underscore the importance of designing studies for direct comparisons between individuals from different cultures. Identifying neural mechanisms that are consistent across cultures is important to obtaining a cross-cultural perspective on CUDs. Additionally, there is a correlative link between cannabis use and psychotic illnesses [99] , with cannabis users two to three times more likely to develop psychotic symptoms than non-users [100, 101] . Factors such as age of first use, amount and frequency of use, family history of psychotic illness, and genetic variation all seem to influence this relationship, suggesting a geneenvironment relationship that is likely to vary cross-culturally [101] . Understanding the cultural influences on CUDs also has the potential to lead to a more comprehensive understanding of neuroscience and mental health overall, as such a process may illuminate underlying factors of neurodevelopmental, mood and psychotic disorders, as well as substance use and dependence more broadly [102] .
Thus, we propose that cross-cultural differences in the manifestation of CUDs may be driven by cultural differences that influence underlying neural mechanisms. These differences in the manifestations of CUDs in turn may influence diagnoses and treatments of CUDs; however, the presence or absence of a CUD diagnosis and psychosocial treatments may also influence neural mechanisms. We suggest that genes, culture, neural processes, and diagnostic and treatment strategies have a bidirectional influence on each other (see Fig. 1A ).
Cultural influences on neural activations and responses may lead to differences in encoding salient stimuli. Importantly, these differences require the development of both culturespecific and culture-independent neural markers and strategies to effectively treat individuals. The diagnosis of CUDs suggests a possible measurement bias between the USA and the Netherlands with cannabis users in the USA more likely to acknowledge criteria [95] . Diagnosing CUDs using a standardized assessment requires these differences to be considered and may have broad implications for global public health and policies.
There is a need for a direct comparison of neural mechanisms underlying CUDs in individuals from different countries. Of particular interest are countries with differing social and legal climates regarding cannabis use in order to gain an understanding of how changes in legalization may not only affect use and behavior, and but also the underlying neural mechanisms. These comparisons have the potential not only to fill important gaps in the scientific literature, but also to inform policies.
Conclusions
We have found that studies to date have focused on epidemiological differences between cannabis use in different countries. While these studies highlight differences in the characteristics of users, the question of whether the neural mechanisms of CUDs differ between individuals of different countries remains unanswered. Thus far, the potential influences of culture on psychopathologies are understudied and largely unknown. Targeted examinations of the effects of culture on differences in neural response in CUDs not only elucidate mechanisms of the disorder, but also have implications for policy, education, treatment, and prevention strategies. The interactions between culture, public policy, and cannabis use should be better understood in order to guide global public policies and improve global public health as well as mitigate population health disparities. Understanding cultural influences more broadly could result in more comprehensive approaches to CUDs that have greater applicability and effectiveness across different cultures.
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